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DOEôs Office of Science: 
Meeting the Nationôs Challenges Today and into the Future
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Å Operate 28 scientific user facilities for 
nearly 34,000 users per year

ÅHigh -performance computing

ÅX-ray and neutron sources

ÅPhysics facilities

ÅNanoscience centers

ÅBiocharacterization facilities

ÅDesign and construction of next -
generation facilities to support the 
scientific community

Largest Federal supporter of basic 
research in the physical sciences

Research activities support nearly 
29,000 PhDs, scientific and 
engineering professionals, support 
staff, and graduate/undergraduate 
students at more than 300 
universities and at all 17 DOE 
laboratories

Advancing the frontiers of science
Accelerating discovery with          
cutting -edge research tools

The DOE Office of Science (SC) mission is to deliver the scientific discoveries and 
major scientific tools to transform our understanding of nature and advance the 
energy, economic, and national security of the United States.



The Office of Science Research Portfolio

3

ÅDelivering world leading computational and networking capabilities 
to extend the frontiers of science and technology

Advanced Scientific 
Computing Research

ÅUnderstanding, predicting, and ultimately controlling matter and 
energy flow at the electronic, atomic, and molecular levels

Basic Energy Sciences

ÅUnderstanding complex biological, earth, and environmental 
systems

Biological and Environmental 
Research

ÅSupporting the development of a fusion energy source and 
supporting research in plasma science

Fusion Energy Sciences

ÅUnderstanding how the universe works at its most fundamental 
level

High Energy Physics

ÅSupporting isotope research, development, production, processing 
and distribution to meet the needs of the Nation

Isotope R&D and Production

ÅDiscovering, exploring, and understanding all forms of nuclear 
matter

Nuclear Physics

ÅSupporting new technologies for use in SCôs scientific facilities and 
in commercial products

Accelerator R&D and 
Production



Advanced Scientific Computing Research (ASCR)

}ASCR research lays the groundwork for scientific discoveries
}Applied Mathematics and Computer Science foundations to advance the understanding of 

natural and engineered systems and to reveal scientific insight from high end simulations, 
models, and data.

}Advanced Computing to prepare for the future of science based on emerging advanced
computing technologies and microelectronics.

}ASCR facilities drive American global leadership in computing, data and 
networking
}As we deploy the worldôs first exascale supercomputers and the Nationôs most advanced 

scientific network , we continue to build a more integrated and open national research 
infrastructure for all.

}ASCRôs investments andstrategic partnerships enable scientific 
breakthroughs and advance Americaôs economic competitiveness
}ASCRôs world- leading programs in interdisciplinary research enable scientific applications 

take full advantage of computing and networking capabilities that push the frontiers.

}Unique models of partnerships accelerate the competitiveness of American computing 
technologies, advanced manufacturing, and high - tech companies - large and small .

}ASCR invests in people
}Computational Science Graduate Fellowship ïproducing computational leaders since 1991.
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Leadership Computing 

Quantum Testbeds

Gordon Bell Prize researchers leverage 

modeling and AI to understand COVID 

mutations



Basic Energy Sciences (BES)

}BES supports discovery science and use -inspired research to solve the challenges facing todayôs advanced 

technologies for energy, manufacturing, medicine, and national priorities.  BES provides: 
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}A vibrant community of academic and national laboratory researchers who focus 

on understanding materials and chemical sciences at the atomic and molecular scales

}Cutting - edge scientific facilities with specialized, state -of- the -art instrumentation 

such as advanced x - ray light sources, neutron scattering sources, and nanoscale science 

research centers that are used by thousands of scientists from many fields

}BES-supported discoveries drive U.S. leadership in science, sustain innovation across 

diverse technologies and improve economic and national security.

}Foundational scientific understanding of chemical and materials processes starting at 

the level of electrons is essential for advancing energy, transportation, chemical, 

manufacturing, quantum information science, and microelectronics technologies.

}Continuous progress in basic science is critical to sustaining U.S. innovation and 

competitiveness .

}Some of the toughest challenges are being tackled by collaborative teams with 

diverse skills at the BES -supported Energy Innovation Hubs and Energy Frontier 

Research Centers.



Biological and Environmental Research (BER)
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}BER supports transformative biological, Earth, and environmental 

research to achieve a predictive understanding of complex systems relevant 

to energy and environmental issues of national importance.

}Topics of interest are biological, biogeochemical, and physical processes that 

span from molecular to regional to global scales.

}BER's portfolio includes research in:

}Genomics to understand and design biological systems so they can be 

leveraged for sustainable bioenergy and bioproduct production from renewable 

plant biomass and support a burgeoning US - based bioeconomy .

}Earth and environmental research to combine scientific understanding of the 

atmosphere, oceans, land systems, and cryosphere with advanced analytics to 

accurately model the Earth system , both in urban and natural environments.

}BER supports 3 DOE Office of Science User Facilities with unique, world -class 

scientific instruments and capabilities:

}DOE Joint Genome Institute ( JGI )

}Atmospheric Radiation Measurement ( ARM ) User Facility

}Environmental Molecular Science Laboratory ( EMSL )

Atmosphere

Ecosystems

Plants

Microbiomes

Genomes

Earth System



Science Foundations for Energy Earthshots 

}Priority will be given to applications that focus on crosscutting research 
relevant to multiple Energy Earthshots:
}Hydrogen Shot

}Carbon Negative Shot

}Industrial Heat Shot

}Applications encouraged to address more than one of the SC research 
programs: 
}Advanced Scientific Computing Research (ASCR)
}Basic Energy Sciences (BES)
}Biological and Environmental Research (BER)
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Goal is to enhance crosscutting fundamental research 
in support of the Energy Earthshot goals

}Long Duration Storage Shot

}Enhanced Geothermal Shot

}Floating Offshore Wind Shot
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Energy Earthshots target the major breakthroughs 

we must achieve in the next decade to solve the climate crisis and 

reach our 2050 net -zero carbon goals.

Energy Earthshots: Necessary and Urgent
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ÅMake a major impact to reduce emissions

ÅAddress the hardest technology barriers

ÅSet highly ambitious decadal targets

ÅAre compelling, bold, and inspirational 

ÅSignificantly engage stakeholders Leverage Past 
Success



Energy Earthshot
Hydrogen

Electrolysis

Cost: ~$5/kg H 2

(at low volume)

Thermal Conversion 
(e.g., NG)

Cost: $1.50/kg

but high emissions

Advanced 

Pathways 

>$10/kg H 2 /TBD

Target: Hydrogen Production

} Fundamental breakthroughs needed for:
} Hydrogen production

} Hydrogen sources, sinks, and quantification

}To accomplish this goal, DOE has 

identified several possible pathways:

https://science.osti.gov/ -
/media/bes/pdf/brochures/2021/Hydr
ogen_Roundtable_Report.pdf
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https://science.osti.gov/-/media/bes/pdf/brochures/2021/Hydrogen_Roundtable_Report.pdf
https://science.osti.gov/-/media/bes/pdf/brochures/2021/Hydrogen_Roundtable_Report.pdf
https://science.osti.gov/-/media/bes/pdf/brochures/2021/Hydrogen_Roundtable_Report.pdf


Energy Earthshot
Long Duration Storage

}Fundamental breakthroughs needed for:

} Electrochemical energy storage

} Electrothermal energy storage 

} Chemical energy storage via energy carriers 

} Electromechanical energy storage 

Target

DOEôs Energy Storage 
Grand Challenge Roadmap 
https://www.energy.gov/sites/defa
ult/files/2020/12/f81/Energy%20S
torage%20Grand%20Challenge%2
0Roadmap.pdf

https://science.osti.gov/ -
/media/bes/pdf/reports/2017/BRNIDTET_rpt_
print.pdf
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https://science.osti.gov/-/media/bes/pdf/reports/2017/BRNIDTET_rpt_print.pdf
https://science.osti.gov/-/media/bes/pdf/reports/2017/BRNIDTET_rpt_print.pdf
https://science.osti.gov/-/media/bes/pdf/reports/2017/BRNIDTET_rpt_print.pdf


Target

Energy Earthshot
Carbon Negative

} Fundamental breakthroughs needed for:

} Biological sequestration and storage of carbon

} Abiotic sequestration and storage of carbon

} Coupled experimental and computational research 

to better understand the fundamental kinetics of 

carbonization and CO 2 reactivity

} Measurement, monitoring, and validation

Direct Air 
Capture with 

Storage

Bioenergy with 
Carbon Capture 

and Sequestration 

Enhanced 
Mineralizati

on

Soil Carbon 
Sequestration

https://science.osti.gov/ -
/media/bes/pdf/brochures/2022/CDR_RT_Brochu
re.pdf
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https://science.osti.gov/-/media/bes/pdf/brochures/2022/CDR_RT_Brochure.pdf
https://science.osti.gov/-/media/bes/pdf/brochures/2022/CDR_RT_Brochure.pdf
https://science.osti.gov/-/media/bes/pdf/brochures/2022/CDR_RT_Brochure.pdf


Energy Earthshot
Enhanced Geothermal 

Target

} Fundamental breakthroughs needed 

for:
}Experimental and computational efforts to 

understand mesoscale to regional 

subsurface constitutive mechanics and fluid 

injection response in EGS environments

} Innovative approaches for EGS data 

collection and analysis 

}Understanding materials behavior and 

geochemical/ geomechanical processes in 

EGS wellbore environments
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